1967.-Roosters were exposed to water and salt loading and to dehydration.
The ureteral urine was collected through polyethylene funnels.
The glomerular filtration rate (GFR) was found to increase an average of 23 yO from dehydration to hydration, when at the same time the urine flow increased from 20 pl/min per kg to 300 pl/min per kg ( I ,500 yO In mammals the urine osmolality can varv over a wide range from about [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] % of the blood oimolality to [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] times the blood osmolality.
In lower vertebrates the urine osmolality can vary from being hypoosmotic to being isoosmotic to the blood. However, in many reptiles (particularly the uricotelic terrestrial forms) the kidney tubules have no capacity for regulating the urine osmolality.
In mammals the fraction of filtered sodium excreted may increase under the influence of antidiuretic hormones but the evidence is conflicting (I I, 2 I). In amphibians (7) and reptiles (I o, I 3) it clearly decreases. The bird kidney is, in a sense, a peculiar mixture between a reptilian and mammalian kidney. Part of the kidney lobule histologically resembles the reptilian lobule with convoluted tubules without loops of Henle and with the collecting ducts running at right angles to the tubules.
In addition, however, each lobule has some nephrons with loops of Henle which, together with the parallel running collecting ducts and capillaries, form a medullary cone rather similar to the mannnalian renal medulla (4). Because of the reptilian as well as mammalian characteristics of the bird kidney, it was of interest to compare the response to various states of hydration and salt loading with that of mammalian and lower vertebrate kidneys. In the present experiments small funnels were sewn over the ureteral openings in the cloaca of roosters and the urine could thus be collected directly as it appeared from the kidney. All the data recorded in this paper are observations made on ureteral urine, without the subsequent modification that normally takes place in the cloaca. The role of the cloaca in modifying the urine will be presented in a following paper. on the diluted urines, the volume of which could be determined accurately with dead space errors being minimized.
The urine flow and the osmotic and ionic concentrations were determined on the natural urine. A priming dose of a fresh batch of inulin from Warner-Chilcott was given in the wing vein at least 45 min before the start of the urine collection, and a maintenance dose was given by continued infusion large enough to maintain a plasma concentration of 60-80 mg/I oo ml. Blood was collected from the leg vein catheter at the midpoint of each urine collection period. The rate of inulin infusion was increased during the salt infusion to compensate for the resulting increase in extracellular space. The dehydration resulted in a weight loss of approximately 6 70. Following a minimum of three 2o-min collection periods in the dehydrated bird, the bird was hydrated by oral loading with tap water corresponding to approximately g % of the dehydrated body weight. After a steady high flow had been achieved, not less than three urine samples (10-15 min duration) were collected.
Then NaCl was given by infusion into the wing vein of an I 8 % solution over a IO-min period; a total of I 2-15 mEq/kg body wt were given. Following the salt loading, urine samples were collected for 1-2 hr.
Analyses. The percent of filtered solutes excreted was calculated from the expression (OS U/P)/(In U/P) X I oo %, and the percent of filtrate resorbed from (GFRurine vol) /GFR X I oo 5%.
RESULTS
The changes brought about in plasma osmolality and electrolytes by the osmotic stress are presented in Table  I Salt loading of the rehydrated bird did not result in any significant reduction of the GFR during the experimental period (I -2 hr) ( Table 2 ). The variations were maximally I 2.9 %, and the GFR was increased in two experiments an experiment the salt load was d reduced given to in the four. In one dehydrated bird without rehydration, but the change in GFR was not greater than that observed in the other experiments.
Tubular function. The osmolal urine to plasma ratio (OS U/P) varied during dehydration and hydration from maximally 2.06 to 0.3 I in any bird. The inulin U/P ratio varied from I I I to 5.26 ( Fig. 2 and (Table 2 ), but the rate of excretion of Naf and Cl-per unit time increased by a factor of 2-3 (Table  3 ). This increase was also reflected in a doubling of the percent of filtered solute excreted ( Table 2 ). The percent of filtered solute 795 excreted in the urine is of the same magnitude as in mammals.
During salt loading an osmotic diuresis was apparent: the urine was slightly hyperosmotic to plasma and the urine flow was high. The excretion of Naf and Cl-was increased to 7-8 % of the filtered load and approximately 13 % of the filtered water was excreted.
(The urine flow was o. I 8 ml/min per kg equivalent to I I ml/hr per kg; this is I % of body wt/hr. Therefore the diuresis following salt loading did not cause any severe loss of body fluids.) The amount of sodium and chloride excreted in the urine during the 1st hr of the infusion varied from 10-32.6 % of the infused amount. One hour after the salt infusion, the sodium concentration and rate of excretion began to decrease considerably, whereas the potassium concentration and excretion rate increased (Fig. I) . This was also observed in ducks. In male turkeys (weight 6-8 kg) dehydration, water, and salt loading revealed roughly the same concentrating and diluting ability as in the domestic fowl ( During dehvdration it was 0.6 ml/min per kg and during hydration it was 2. I g ml/min per kg. These variations are much greater than those observed in the present investigations where the filtration rate varied from 1.63 ml/min per kg in the dehydrated bird to 2. I I ml/min per kg in the hydrated bird. The rates of urine flow were essentially the same in the experiments of Korr and the present experiments. It is possible that the discrepancy in the results may have been due to the more accurate urine collection technique employed in the present study. Compared to other lower vertebrates these changes in filtration rate are extremely modest. In amphibians and in some reptiles (2, IO, 15) the filtration rate may increase from several hundreds to I ,000 % of the normal value when the animal is hydrated and may decrease to zero at the filtration rate appears to be more stable but still increases 70 as the result of water loading and decreases to half of its normal value after severe dehydration.
Thus, the rooster is found to have a very stable filtration rate compared to that of most lower vertebrates, and it resembles more nearly mammals than reptiles in this respect.
The effect of salt loading on GFR is not clearcut in most animals because it involves a combination of osmotic increase in plasma concentration, and, at the same time, an expansion of extracellular fluid. In lower vertebrates as well as in mammals, an expansion of the extracellular fluid causes an increase in glomerular filtration rate, whereas in lower vertebrates an increase in osmotic concentration of the plasma causes a decrease in glomerular filtration rate. In turtles the effect of dehydration could be mimicked by an increase in the osmotic concentration of plasma because a small increase in the plasma concentration In animals in which a higher osmotic concentration is required for an effect on the GFR, the effect of the salt loading becomes more difficult to interpret because the effect on the extracellular fluid volume then simultaneously becomes greater. In the present experiments where salt loading had no effect, the two factors may have worked in opposite direction. This is also indicated by the fact that rapid injection of NaCl caused an increased urine flow with hypoosmotic urine. I) The bird is, during hydration, able to excrete a larger fraction of the filtered water than mammals.
Only during osmotic diuresis will man, dog, or rat excrete more than IO % of the filtered water, whereas the fowl excretes up to 30 %. 2) During dehydration to a given osmotic U/P ratio, the rooster resorbs more of the filtered water than mammals do (Fig. 2) . This is obviously related to the uricotelic habit of the bird. The filtrate contains very little urea, which, therefore, takes little "osmotic space," and a larger fraction of filtered water can thus be resorbed in spite of a limited concentrating ability.
3) A larger amount of NaCl is resorbed during dehydration than during hydration. Increased resorption of sodium has also been observed as a result of dehydration in reptiles (13) and of administration of antidiuretic hormones in frogs (7). Furthermore, it has been observed that the osmolal clearance of hydrated chickens decreased during the infusion of arginine-vasotocin (unpublished calculation of data from 19). Thus, an increased resorption of ions allows a larger water resorption within the same osmotic ceiling. This is also to a small exten t helped by the larger urea '798 E. SKADHAUGE AND B. SCHMIDT-NIELSEN resorption during dehydration (manuscript in preparation). The renal excretion of the salt load in these experiments seemed to follow a time course not grossly different from that observed in birds with a salt gland (I 2, I 6). The Na+-K+ shift might be due to a mineralocorticoid action. In summary, the renal tubule of the rooster shows the mammalian characteristics with respect to the osmotic variations of the urine (except that the rooster has a
